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1 . iNTRODUCTinN 


The HP-9810A calculator programs to be described here provide the 
capability to generate HP-9862A plotter displays, such as that illustrated 
in Figure 1, which depict the apparent motion of a free-flying cylindrical 
payload relative to the Shuttle Orbiter body axes by projecting the payload 
geometry into the Orbiter plane of symmetry at regular time intervals. As 
modeled in these programs, the apparent motion is affected by 

a) initial position and velocity of the payload center of 
gravity (CG) relative to the Orbiter CG, 

b) pitch rates and initial pitch angles of the payload and 
of the Orbiter, and 

c) translational accelerations resulting from aerodynamic 
drag forces which act separately on the payload and the 
Orbiter and vary as functions of their pitch angles. 

The current program configuration allows each vehicle only one degree of 
rotational freedom: pitching at a constant rate about an axis normal to 

the Shuttle's orbit plane. Yaw and roll angles for both vehicles are 
constrained to be zero. 

Because of limitations on the number of instructions that can be stored 
in HP-9810A memory, two programs must be executed sequentially to generate 
a display such as that shown in Figure 1. The Orbiter Side Elevation Plot 
Program (OSEPP) generates the side elevation view of the Orbiter vehicle. 

At the user's option, this program will also plot the approximate reach 
envelope of the Remote Manipulator System (RMS), the RMS operator's fields 
of view through the overhead and cargo bay windows, and/or the field of 
vi6:w through the Crew Optical Alignment Sight (COAS). The Payload Motion 
Plot Program (PMPP), after prompting the user for necessary input data, 
calculates the angular and translational motion of the poyload relative^to 
the Orbiter and plots the payload position at regular time intervals, cngi 
neering descriptions of the OSEPP and the PMPP are contained in Sections 3 
and 4. Specific operating instructions for the two programs are contained 
in Appendix A. General instructions for operating the HP-9810A calculator 
and the HP-9862A plotter are contained in References 1 and 2. 
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2. SETTING PLOT BOUNDARIES 


2.1 PHYSICAL BOUNDARIES 

The HP-9862A plotting board is a rectangle whose dimensions are 
approximately 17 inches by 12 inches. The plotter X axis i parallel to 
the longer side and the Y axis is parallel to the shorter side. The maxi- 
mum area accessible to the plotter's inking pen is a smaller rectangle whose 
dimensions are 15 inches by 10 inches. A plot can be drawn on any sheet of 
paper small enough to fit on the olotting board. The paper is held in place 
by electrostatic force that is controlled by the "CHART HOLD" button on the 
plotter control panel. As indicated in Figure 2, a small sheet of paper can 
be located at an arbitrary position in the board, and the plotting area can 
be bounded on the paper by a simple procedure that is described in the next 

paragraph. 

For convenience, fiducial marks should be inscribed on the sheet of 

plotting paper at the lower left and upper right corners of the desired 

plotting area before it is placed on the plotting board. After the paper 

has been secured by pressing the "CHART HOLD" button, the user presses the 
"PEN UP" and then the "LOWER LEFT" buttons on the plotter control panel. 

After the pen comes to rest, its position is adjusted to coincide with the 
lower left corner of the desired plotting area by rotating two knobs adjacent 
to the "LOWER LEFT" button. These two knobs move the pen parallel to the 
plotter X and Y axes independently. After the pen point has been positioned 
over the lower left fiducial mark as closely as the eye can judge, the "PEN 
DOWN" and "PEN UP" buttons can be pressed in sequence to mark the exact pen 
position on the paper. If necessary, fine adjustments of the pen position 
can then be made. After the user has adjusted the pen position at trie lower 
left corner to his satisfaction, he presses the "UPPER RIGHT" button and 
positions the pen over the upper right fiducial mark by using the adjacent 
control knobs. Again, the exact position of the pen can be determined by 
pressing the "PEN DOWN" and "PEN UP" buttons in succession to produce a dot 

of ink on the paper. 
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Figure 2. Physical Plot Boundaries 













The sequence of operations described in the preceding paragraph is 
imprrtant. The adjustment of the lower left corner must always be made 
first. If for any reason a readjustment is made at the lower left come:', 
it must be followed by a readjustment at the upper right corner. 

2.2 LOGICAL BOUNDARIES 

OSEPP and PHPP both utilize the plotter scaling function of the HP-981 OA 
Math Block Read-Only Memory (ROM) package. The scaling function is described 
on pages 2-15 through 2-20 of Reference 3. The plotted figures are composed 
of straight line segments drawn between points whose logical coordinates are 
measured in inches relative to the Orbiter Structural Body Coordinate System. 
This system is described in Figure 23 of Reference 4. To avoid confusion 
with the local vertical coordinates which are used to describe the trajectory 
of the payload, the and axes Reference 4 are designated U and V, 
respectively, in the user instructions contained in Appendix A. The U and 
V axes correspond to the X and Y axes of the HP-98R2 A plotter. 

The user controls the scale and the location of the figures within the 
physical boundaries of the plotting area by loading appropriate values for 

the logical plotting boundaries '^min’ '^max^ 

isters 001 through 004 of the HP-9810A calculator. Once loaded, the logical 
boundaries need not be reloaded (so long as the calculator power switch re- 
mains on) unless it is desired to change the scale or translate the position 
of the Orbiter within the physical boundaries of the plotting area. 

During the execution of either program, if the calculator finds that 
either end of any line segment lies outside the established plotting boundary, 
then that particular segment will not be plotted. Program execution will 
continue normally in all other respects, and any subsequent line segments 
that lie entirely \ ’thin the boundaries will be plotted correctly. 

2.3 RELATION BETWEEN LOGICAL AND PHYSICAL BOUNDARIES 

The Math Block scaling function automatically equates the logical 
boundaries stored in data renisters 001 through 004 to the physical boundaries 
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established by the procedure described in Section 2.1. To avoid distortion 
of the plotted figures, it is necessary that 

_ max min 

n “ V - V . ’ 

^ max mm 

where P and Q represent the actual physical distances (measured parallel to 
f'.he plotter X and Y axes, respectively) between the kv/er left and upper 
right fiducial marks on the plotting paper. 
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3. ORBITER SIDE ELEVATION PLOT PROGRAM (OSEPP) 


Appendix B contains a listing of the OSEPP code. The basic figure 
generated by the program is a side view of the Orbiter profile, with the 
cargo bay doors open, in general, the coordinates are stored in the in- 
struction registers rather than the data registers, (nordinates were ob- 
tained from References 5 and 6. In cases where coordinates could not be 
derived from tabulated dimensions, they were scaled from engineering draw- 
ings. The Orbiter CG, which is designated by a cross inscribed within a 
circle, was taken to be located longitudinally at U = 1093 inches and 
vertically at V = 380 inches. The longitudinal position is the mean of the 
forward and aft limits which are specified in Figure P.1-6 of Reference 5. 

The vertical position was scaled from the aforementioned figure. 

Circular arcs, v*;here appropriate, are approximated by a series of 
chords that are generated by a subroutine which is identified by the 
label . The subroutine is described by steps 1500 throuoh 1606 in the 
program listing. Before calling this subroutine, the main program stores 
the logical coordinates of the center of the circle, its radius, the lim- 
iting angles of the arc, and the number of chords to be drawn in data reg- 
isters 051 through 056. If the plotter pen is to be down tvhen it moves to 
the first calculated point on the circular arc, the FLM^ key is acti- 
vated before calling the subroutine. If the plotter oen is to be during 
its initial translation, the( ^CLEA^ key is activated' to clear the flag 
before calling the subroutine. 

At the user's option, dashed rays may be drawn on the plot to define 
the nominal limits of the RMS operator's fields of view. The rays are gen- 
erated by another subroutine which is identified by the label'.^^^^^ , and 
which is described by steps 1700 through 1784 of the program listing. Before 


ic 

Individual keys on the HP-9810A keyboard will be designated by circumscribing 
the appropriate symbol as shown here. 

"This also clears data registers a and b, along with all three display 
registers . 
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calling this subroutine, the main program stores the logical coordinates of 
the origin of the ray, the an^ie that the ray makes with the U axis, the 
total length of the ray, and the length of the individual dashes in data 
registers 061 through 065. 
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4. PAYLOAD MOTION PLOT PROGRAM (PMPP) 


Appendix C contains a listing of the PMPP code. The first basic 
function performed by this program is to prompt the user for the necessary 
inputs and to store them in appropriate data rey.sters for subsequent use. 
After the input operation is complete, the PMPP causes the HP-9862A plotter 
to plot the position and orientation of the payload relative to the Orbiter 
at user-specified time intervals. 

4.1 INPUT DATA 

The first input required by PMPP is the altitude of the Shuttle orbit. 

The program assumes the orbit to be circular; however, the calculations are 
valid (except possibly for drag effects) for noncircular orbits if the eccen- 
tricity is not too large. The input orbit altitude H is measured in nau- 
tical miles above the equatorial radius of the earth. The program calculates 
the orbit radius r (measured in feet) by the use of the equation 

r = G076.1 (H + 3443.9) . (2) 

The angular rate of the Orbiter CG about the center of the earth, relative 
to inertial space, is then computed from the equation 

u) = >i u/r^ , (3) 

where 

y = 1.4076469 X 10^® ft^/sec^ . (4) 

The orbital rate u is measured in radians per second, and is a basic con- 
stant in the Clohessy-Uiltshire equations that are detailed in Section 4.2.3. 

After calculating , the program computes the dynamic pressure q 
(measured in Ib/ft^) by using whichever of the three following equations 

is approoriate. 

IF H < 160: q = exp (-2.88 - .0485H) . (4a) 
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IF 160 < H 1 380: q = exp (-5.61 - .03141H) . (4b) 

IF 380 < H: q = exp (-10.87 - .01758H) . (^c) 

The variation of q with altitude, as defined bv Equations (4a) through 
(4c), is illustrated in Figure 3. This dynamic pressure profile was derived 
from the aerodynamic drag acceleration data contained in Figure 3-15 of 
Reference 6. 

After calculating and storing q for future use, PMPP prompts the user 
for the weight W^, initial pitch angle a^, and the pitch rate of the 
Shuttle Orbiter. The pitch angle and the pitch rate are measured relative 
to a local vertical coordinate system. As illustrated in Figure 4, the 
local vertical Z axis is directed toward the center of the earth, the Y axis 
points in a direction opposite to that of the angular momentum vector of the 
orbit, and the X axis points in the downtrack direction, completing a right- 
hand orthogonal triad. Relative to inertial space, the local vertical sys- 
tem rotates about its -Y axis at the constant angular rate ^ . The Orhitcr 
pitch angle is measured from the horizontal plane to the Orbiter longitudinal 
(-U) axis, and is positive when the nose is pitched up. 

It should be noted that when the input Orbiter Ditch rate is zero, it 
will pitch at a rate of -u with respect to inertial space due to the rota- 
tion of the local vertical coordinate system. If it is desired to app'y a 
particular inertial rate to the Orbiter, it must be converted to a local 
vertical rate before inputting it to the program. This is accomplished by 
transferring i.> from data register 020 to the bottom display register by 
the sequence of keystrokes CE) 

57.2957795 to convert the angular units from radians to degrees, and then 
adding the result to the desired inertial rate (expressed in degrees per 

second) . 

The next items on the input data list are the payload's length 
diameter d, drag coefficient C^, weight W, initial pitch angle , and 
pitch rate a . The payload is assumed to be cylindrical, and its pitch 
angle is measured from the local horizontal plane to the centerline of the 
cylinder. The notes in the preceding paragraph concerning the simulatio.i of 
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Figure 3. Dynamic Pressure Profile 
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Figure 4. Local Vertical Coordinate 
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inertial pitch rates apply to the payload as well as to the Orbiter. The 
payload drag coefficient is based on projected frontal area (which is cal- 
culated internally as a function of nitch angle) and nornnlly it should he 
assigned a value tetween 2.0 and 2.2 

After loading the quantities described above, the user is o'-omoted for 
the initial state time and the position and velocity of the payload CG rel- 
ative to the Orbiter CG. Time is input in hours, minutes, and seconds 
(reading from top to bottom in the HP-9810A display reqisters), then it is 
converted and stored internally in seconds. Relative position and relative 
velocity are expressed in terms of their components parallel to the X, Y, 
and Z axes (again reading from top to bottom in the display registers) of 
the rotating coordinate system illustrated in Figure 4. As previously noted 
in Section 3, the Orbiter CG is assumed to lie in the Orbiter's plana of 
symmetry at U = 1093 inches and V = 380 inches. The oayload CG is assumed 
to lie at the centroid of the cylinder described in the preceding oaraaranh. 

The last two input items are (the state time at which the final 

payload position is to be plotted) and t (the interval be tween successive 
plots of payload position). After t is loaded and thev^lNTINUE Hey is 
depr'^ssed, the n''ooram proceeds automatical Iv to ’-l b the position of the 
payload at tlie specified time intervals (beninnina \ntii the initial input 
position) until T^jgp is reached. 

During the input data loading process, the program prints a prompting 
message on paper taoe for each necessary item of incut and then stops to wait 
far the user to load the appropriate number (s) in the l•f-9810A disolay i^g- 
ister(s). After loading the desired value(s), the user presses thev.^COiJTINllE 
key to resume program execution. Each time before printing the prompting 
message, the program transfers the current stored value of the appropriate 
input variable into the display register(s). Often when plotting several 
related displays, certain input quantities will remain ^jistant from run to 
run. In such cases, the user has onlv to press the CONTINUE 'key to dupli- 
cate the value from the previous run. When utilizing this feature of the 
program, the user should note that the values of time-dependent Quantities 
(Orbiter and payload pitch angles, the state time, and the relative position 
and velocity of the payload) that are displayed after ‘lie prompting message 
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will correspond to the end rather than the beginning of the previous run. 
This permits the plotting of a sequence cf payload positions to be resumed 
at the final position of the previous run simply hv advancinn T^jQp ^ 
subsequent run. However, it means that the values cf the time-dependent 
variables must be reloaded if it is desired to start afresh with the initial 
conditions. 

4.2 STATE VECTOR PROPAGATION 

The state of the Orbi ter/payload system is advanced timev/ise in steps 
equal to the user-specified plot time interval t. The basic equations 
of motion, which are referenced to the rotation local vertical coordinate 
system illustrated in Figure 4, are described in Sections 4.2.1 through 

4.2.3. 

4.2.1 Rotational Motion 

Since rotational accelerations are not modeled, and since each vehicle 
is permitted only one degree of rotational freedom, the pitch angles of the 
Shuttle Orbiter and the payload at the end of a time sten t are described 
simply by 




so 


a t 
S 


(5) 


and 


where the subscript o denotes the value of a variable at the beginninn of 
the time step. 

For the purpose of approximating the effects of atmosoheric drag 
accelerations, the pitch angles are also calculated at the midpoint of the 
time steo, thus: 



so 


+ 1/2 


t 


(7) 
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and 


('=a^ + l/2at. (8) 

4.2.2 Differential Drag Acceleration 

The frontal area of the payload at mid-step time is given by 

A = (ti d^/4) |cos a"l + i djsin a'| , (9) 

where z and d are the length and diameter of tiie nayload. The drag force 
acting on the payload is then given by 

D = Cp q A , (10) 

where is supplied as input and q is the dynamic pressure defined by 
Equations (4a) through (4c). The dynamic pressure acting on the payload 
is assumed to be constant during any particular run and equal to that acting 
on the Shuttle. 

The Shuttle drag coefficient is based on the theoretical wing planform 

area of 2690 ft^, and is calculated by use of the equation 

= 0.72115 + 2.46205 ]sin , (11) 

which was taken from Reference 7. The drag force action on ttie Shuttle 
is then obtained from the equation 

= 2690 q . (12) 

2 

The differential drag acceleration (measured in ft/sec ), which acts 
on the payload along the local vertical X axis and which is assumed to be 
constant during the time step t, is obtained from the equation 

f^ = 32.174 ' (Dg/W^) - (D/W) , . (13) 

where W and are the payload and Shuttle weights. 
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It should be noted that the drag equations used in this program do 
not account for aerodynamic shadowing effects. It is also reiterated that 
the same dynamic pressure q is assumed to act on both the payload and the 
Orbiter, and furthermore that it is assumed to remain constant during any 
given PMPP run. Dynamic pressure variations resultinn from sources such as 
orbit decay, earth oblateness, orbit eccentricity uui inclination, orienta- 
tion of the orbit relative to the subsolar point, and variations in solar 
activity are not modeled. 

4.2.3 Translational Motion 

Translational motion of the payload CG relative- to the Orbiter CG is 
calculated by integrating the Clohessy-Wi 1 tshi re (CW) differential equations 


X - 2o)Z = f^ , 

(14) 

Y + = fy , 

(15) 


and 


Z + 2wX - ill = , (16) 

where f^, f^, and f^ represent constant differential accelerations resulting 
from nongravi tational forces acting parallel to the axes of the rotating 
coordinate system depicted in Figure 4. These equations, which are derived 
in Reference 8, represent approximations of the true differential equations 
of relative motion. They are valid when the orbit eccentricity and the 
intervehicular distance are both small. 

Equations (14) through (16) can be integrated twice in closed form to 
obtain analytic expressions for the velocity and position of the payload 
relative to the Orbiter as functions of time. In Reference 8, the integra- 
tions were carried out only for the special case where f = f = f =0. 

^ X y z 

Since the subroutine (labeled and detailed in steps 1750 through 1960 
of Appendix C) used to calculate translational notion in this program allows 
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arbitrary values to be assigned to f , f , and f,, the velocity and position 

. . ^ y z 

equations will be derived here in their more general form even though f and 
f, are always assigned values of zero in the PMPP. 

Taking the simpler problem first, the equations for out-of-plane motion 
can be obtained by rewriting Equation (15) in the form 

Y + ./ (y - = 0 . (17) 

This can be recognized easily as the equation of simple hanionic motion, 
having the solution 

where, again, the subscript o denotes conditions at the beginning of the 
time step t. To obtain the analytic expression for out-of-plane velocity. 
Equation (18) is differentiated once with resoect to t, thus yielding 

Y = - (0 ^ Yg - sin Mt + Y^ cos wt . (19) 

Carrying out the multiplication in the first term on the right hand side of 
Equation (19), and multiplying both sides of Equation (12) by , the 
equations 

(<^Y - f^w) = (wY^ - f^/u) cos wt + sin wt (20) 

and 

Y = - (wY^ - fy/ui) sin cut + Yp cos cut (21) 

are obLained. 
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Since Equation (17) was recognized as the equation of simple harmonic 
motion, it is not surprising that Equations (20) and (21) have the form of 
the coordinate transformation equations 

X = )T cos A + Y sin a (22) 


and 


Y = - X sin A + Y cos A 
— -o -0 


(23) 


which are associated with the rotation of a Cartesian coordinate system 
through the angle A , as illustrated in Finure 5. The HP-981 OA flath Block 
ROM (Reference 3) provides two functions which permit such a coordinate 
transformation to be calculated quite easily. They are the rectangular-to- 
polar and polar-to-rectangular functions which treat the contents of the 
bottom and middle display registers as the components of a two-dimensional 
vector. If X^ is in the bottom register and in the middle register, then 
activation of the(^^^^key causes ^ and Y^ to be replaced by the vector mag- 
nitude R and the angle 9^^ , respectively (see Figure 5). To complete the 
transformation, one has only to replace 9„ with e = - a in the middle 

register (leaving R in the bottom register) and then to activate the^ B J) 
key. This invokes the polar-to-rectangular function, which replaces R and 
9 with ^ and Y_ in the bottom and middle display registers. 

If the quantity (wY^ - is substituted for Y^ for Y^, 

wt for A, (u)Y - fy/“) for ^od Y for Y^, the preceding paragraph 
describes how the out-of-plane position and velocity components are advanced 
through the time step t in the PMPP. As will be brought out later, a sim- 
ilar process is used to advance the in-plane position and velocity components. 
These computational shortcuts have been used to advantage with other elec- 
tronic calculators (the HP-65 and the SR-52) that have built-in rectangular- 
to-polar and polar-to-rectangular coordinate transformation functions. 

One note of explanation is needed with respect to the use of the 
rectangular-to-polar function on the HP-9810A. It may be seen in Appendix C 
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that key is never activated in the main-line code. Instead, the 

rectangular-to-polar function is invoked by activating the(^^^ (user- 
definable function) key. This transfers execution cont'^ol to a subroutine 
(steps 2003 through 2034) where some data manipulation and testing is done 
before and after activating the(\^;key. This indirect method of invoking 
the rectangular-to-polar function is necessary because it was found in some 
cases at least that the contents of the top display register (which should 
remain unchanged) were destroyed by activation of the(J^ key . In addition, 
if = L, = 0 when^"""^is activated, the HP-981 OA Math Block ROM returns a 

value of 90° for the angle 6^. Although acceptable in the case of the CW 
calculations under consideration here, this is undesirable in some coordinate 
transformation problems. Therefore, the(^^^'^subroutine was coded so that a 
value of zero rather than 90° would be returned in such a circumstance. 

Turning now to the problem of advancing the in-plane velocity and 
position components, the equation 


X = Xq + 2co (Z - Zq) + f^ t (24) 

results from integrating Equation (14) once with respect to t. This expres- 
sion for X can then be substituted into Equation (16) to obtain 

z + 0)2 j z - [.’Z^ - (zyco) + (y .,2 ) _ ,,t]j = o , (25) 

which has the solution 

Z - [4Z„ - (2X^/„) . (y„2) . (2y„2) „t] 

' j ^0 - ['*^0 - ( 2 V “) * ( V “^)]| 

sin o)t . (26) 
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The analytic expression for the vertical component of velocity is obtained 
by differentiating Equation (26) once with respect to t, thus: 

2 t 2f^/» = - » } z„ - [ ) * ( ^ 2 '-^ )] I 

Equations (26) and (27) can be rearranged to form the expressions 
0) (Z - Z^) + [2Xp - 3coZ^ - (yw)] + (2y<.) u)t 

= :'2X - 3o)Z - (f /o))] cos o)t + [i + (2f /ai)] sin wt (28) 

0 0 Z o A 

and 

Z + (2yu>) = - [2X^ - 3 o)Zq - (f^/oj)] sin ut 

+ [Z. + (2f /(d)] cos cot . (29) 

0 ^ 

Comparison of Equations (28) and (29) with Equations (22) and (23) reveals 
that, again, the previously described procedure for rotating coordinates 
by use of the rectangular- to-polar and the polar- to-rectangular functions 
can be used to simplify the calculation of Z and This time, the expres- 
sion [2)(^ - 3 cdZq - (ytD)] is substituted for [2^ + (2y(D)] for 

(Dt for A, [(D (Z - Zq) + Eo (Zy(D) (Dt] for I, and [Z + (2y(D)] for Y. 

Once the value of the quantity cd (Z - Z^) is obtained from the solution 
of Equation (28), the downtrack velocity component X can be computed easily 
by use of Equation (24). It new remains only to drive an analytic expres- 
sion from the downtrack position component X. This can be done by combining 
Equations (24) and (28) to obtain the expression 
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( 30 ) 


X = X + 2 (X cos ut -y X sin ut) - 2X - 3f t , 

0 '-0 -0 -ox 

where (as in the precedi nq paragraph) 

^ = 2Xq - 3o)Zq - yo) (31) 

and 

(2V“> • (32) 

Integration of Equation (30) once with respect to t then yields 

X - X = X t + — r X sin tut - Y cos lot + Y "1 
00 u)L“0 ~o 

- 2 ^ t - 3/2 f^t^ . (33) 

Equation (33), v;hen combined with Equation (29) and rearranged, yields 
finally 


0) (X - Xq) = X^ U3t - 2 [(2 - Zq) + ^ oit] - 3/2 f^ojt^ , (34) 

which simplifies the computation by permitting the previously-computed 
value of 2 to be used in the calculation of X. 

4.3 TRANSFORMATION FROM PAYLOAD BODY TO ORBITER BODY COORDINATES 

Because its centerline is restricted in PMPP such that it always lies 
parallel to the Orbiter's plane of symmetry, the profile of the cylindrical 
payload always appears as a i^ectanole in the HP-9862A plots. The four cor- 
ners of this rectangle have the coordinates Xpg = + J./2 and Zpg = + d/2 
relative to the payload body axes, which originate at the payload CG. The 
corner coordinates are transformed from payload body to Orbiter body coor- 
dinates in the subroutine label ed^^^which is detailed in steps 1136 
through 1181 of Appendix C. 

The geometry associated with the total coordinate transformation process 
is shown in Figure 6. Using the procedure described in Section 4.2.3, the 
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coordinates (Xpg, Zpg) are firjt rotated through the anole a to obtain their 
counterparts (aX, aZ) in a system whose axes are parallel to those of the 
local vertical system. The origin is then translated to the Orbiter CG by 
adding aX and aZ to X and Z (the coordinates of the payload CG relative tc 
the Orbiter CG). This yields the local vertical coordinates of the corner 
in question, which are then rotated through the angle to obtain their 
counterparts in a system whose axes are parallel to the Orbiter body axes. 
These coordinates are multiplied by 12 to change their units from feet to 
inches, and then subtracted from the coordinates of the Orbiter CG 
(U = 1093, V = 380) to complete the transformation to the Orbiter body 
system, as required for input to the Math Block plotter scaling function. 
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APPENDIX A: 


OSEPP/PMPP OPERATING INSTRUCTIONS 



OPERATING INSTRUCTIONS 


ORBITER SIDE ELEVATION PLOT PROGRAK (OSEPP) 

AND 

PAYLOAD MOTION PLOT PROGRAM (P'IPP) 

1. Turn on UP-981 OA calculator and HP-9862A plotter power switches. 

2. Store logical plotting boundary coordinates in HP-981 OA data registers 
001 thru 004. Logical coordinates are expressed in inches and are 
measured in the Orbiter Structural Body Coordinate System (Figure 23, 
NASA TM X-58153). 


N/ 


1 





c<i7 / 








1093 " 

380" 

__J 




REGISTER 

BOUNDARY 

VALUE* 

001 

U . 
min 

-200 

002 

U 

max 

1900 

003 

Vrnin 

200 

004 

V 

max 

1650 


*For standard 8-1/2" x 11" 
plotting form with P = 8.75" 
and 0 = 6.04" (other values 
can be used, see section 2.3 
of program document). 


A-1 



3 . 


Position sheet of paper on HP-9862A plotting board and turn on electro- 
static paper hold. Then, 


a. Adjust plotting pen location at l ower left corner of plotting 


area (U 


mm- 


''.in’ 


b. Adjust plotting pen location at upper righ t corner of plotting 

area (U , V ). 

' max’ max' 

Press and then (^LO^ on HP-981 OA keyboard and load ORBITER SIDE 

ELEVATION PLOT PROGRAM from magnetic cards (4 sides) 


a. Press (^^EN^ and thenk ^ONT INUE^ . Calculator will plot side 
elevation view of Orbiter, including CG location. 

b. To plot RfiS reach envelope, pressC^0~T^), C ^ABEL ]^ }, 
^CONTII^ 

c. To plot RMS_o£erator ' s fields of view, press'.^^^ ^ 

('IT) , . CONTINUE 1 . 

. 

d. To pl^ field of view thru CDAS, press., GO TO LABEL - , N ), 

^ CONTINUE^. 

5. Press i^ENO) and then (LOAD) on HP-9810A keyboard and load PAYLOAD MOTION 
PLOT PrIiGRAM from magnetic cards (4 sides) 

a. Press \^END ' and then CONTINUE . Calculator will print prompting 
message for each of the reguired program inputs. (See next page.) 


b. When calculator stops after a prompting message, ent^ desired 
value(s) into display register(s) and then press CONTINUE . 

c. After final program input (DT) is loaded, press CONTINUE .'to 
initiate automatic plotting of payload oositions at the specified 
time intervals. 


6. To plot another payload trajectory on same display, go back tu step 5 a. 

7. To create new display, turn off paper hold on HP-9862A, remove completed 
display, and go back to step 3. 


A-2 


INPUT DATA 


PROMPTING MESSAGE 
ALT (NM) = 

ORB WT (LB) = 

ORB PITCH (DEG) = 

ORB PITCH RATE 
(DEG/SEC) = 

PL LENGTH (FT) = 
PL DIA (FT) = 

PL CD = 

PL WT (LB) = 

PL PITCH (DEG) = 

PL PITCH RATE 
(DEG/SEC) = 

TIME (H, M, S) = 



Load payload diameter into bottom display register 

Load payload drag coefficient into bottom display 
regi ster. 

Load payload weight into bottom display register. 

Load payload pitch angle- ''into bottom display 

register. 

A 

Load payload pitch rate- ^into bottom display 

register. 


Load initial time into display registers 

HOURS - TOP REGISTER 
MINUTES ^ MIDDLE REGISTER 
SECONDS -> BOTTOM REGISTER. 


A-3 



PROMPTING MESSAGE 


PL POS (FT) = 


PL VEL (FPS) = 


.R ESPONSE - 

, \ 

/ 4 \ 

Load initial payload position- — -^into display 

reqistprs 

X TOP REGISTER 
Y MIDDLE REGISTER 
Z ^ BOTTOM REGISTER. 


Load initial payload velocity —iA into display 

registers 

X ^ TOP REGISTER 
Y - MIDDLE REGISTER 
Z ^ BOTTOM REGISTER. 


TSTOP (H, M, S) = Load stop time into display registers 

HOURS ^ TOP REGISTER 
MINUTES MIDDLE REGISTER 
SECONDS -V BOTTOM REGISTER. 


DT (H, n, S) = Load time interval for plotting payload positions 

HOURS - TOP REGISTER 
MINUTES ^ MIDDLE REGISTER 
SECONDS - BOTTOM REGISTER. 


NOTES: 



A 

■' 2 \ 



Program always transfers current stored values into 
display register(s) be fore p rompting. If old value 
satisfactory, press ^'"CONTINU^ . Othen-/ise. load new 
value(s) and then oress , 'CONTINUE' . 

Pitch angles are measured from the instantaneous local 
horizontal plane. Yaw and mil angles are assumed to be 
zero . 

To hold constant inertial attitude, recall w (radians/sec) 
from data register 020 and multiply by 57.2957795. 


Payload position and velocity ar-j measured relative to 
the crbiter CG in a (rotatinq) local -vertical coordinate 
syster.i. Axes are directed as rollows: 

Z TOUAPD CFWTER OF EARTH 

Y APPOSITE TO THE ORBIT' - MilOni OR 
MOMENTUM VECTOR 

X COMPLETE RH COORDINATl SYSTEM (DCWMTRACK) . 

Paylocd CG is assuned to be at ceny-oid of cylinder. 

Pitch angle measured from local horizontal olane to 
cylinder centerline. 

Payload drag coefficient based on pi-ojected frontal area, 
which is calculated by program as a ''unction of pitch 
angle. 


APPENDIX B: 
OSEPP CODE 


PROGRAM NAME 


oKsrrtK '••‘■PC fcttvMixow 


I'KotiKt^*^ w*crr; 


ROMS 1 Block 

EOUIPMENT NEEDED 

[^PRINTER I I marked CARD READER 
0 PLOTTER Q TYPEWRITER 


'iLiAJT£a ^PA/A 


total program steps 
j ] V.O []^ 1012 ?0.IB 


total RFOiSTERS 

□ B.n 



Q 3 


LLO I l.LL LLi I 1 LI 1-1 


MSC Fora 1178 (Jun 72) (OT) 


HE2»K :l;>. I HV OF THF 
0RIGI:i/--L GE IB i’OOK 
















































PROGRAM NAMF QKPI?CK o j-uc ci.ev«^<Aunj ru/i r^w^iv«*wi wjc r r y i 

" ' PAGc ^ 

«oMs 1 math blqck. , ^ PKiAtTee. alpha 


EQUIPMENT NEEDED 

[✓1 PRINTER □ markedcard reader □ 
0P1-OTTER Q TYPEWRITER Q] 


rr.TAl PROGRAM STEPS 
□ F-OO [31 10’ 2 \V] roifi 


total REijISTERS 
□ si □in 














































PROGRAM ORBITfR SXDg gLEVATIOM pul PROGRA^A (GS6 PP) or jA. 

ROM s 1 f^ATH BL-aCK. 2 3 PfJAJTgZ ALP^/A 


EQUIPMENT NEEDED 

[^PRINTER Q MARKEDCAHD READER []j 
[^PLOTTER (^typewriter (^ 


TOTAL PROGRAM STEPS 


TOTAL REGiSIERS 


Qj 6.',0 [_] 1012 2036 I I 51 Q”' 



use For* 1178 (Jun 72) (OT) 


rEY (code 


5 



0^ 

4- 


use 7 


1 

± 


U^J. 

(SCIU 5-/6 

miJt 


5/6 

i307j 

1307 

xgJ/- 

i^_J 

L. .. 



1307 

5<6 

1-307 


■ L^’r*** 
^ r Urway 

^ 

5 

6 
7 


Ul I 


i . 

.1 

1 

i_ 


0 

__ I ^2.0 

± ~z 

1 420 " 

KoLCt 

i .'307 

K 

1 

FMr 

i 


1 - 1 

' 4 ' 

L.. i ^ a 


j- -1 

lJ302i I3<J7 

. i L 

-1 J 


x=_yx 

j< L. 

pvr 

x:; : 

[X_ .L 

bit 


Rou-T 

h 

Fyyir ' 

^ 

yU 


1 " 2.0 ria'j ^ I 307 
I 420 [ A. py I f 307 
i i3oT ^io 

-i L 

.1 ; i 4^o 

i _i i '^'2-0 

i I I 

1 1 . 

.1 57 ^ I 4 

i ^76_! 57^ I Azc_ 
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I S 7fo I 576 
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1 --^-1 1-- 

. 1 ..-.- ! 

; i5ik^ ‘i'lk 


1 SCO 
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57>.l 

Soo ] 
500 " I 


576 
57 6 
Soo 


-I I 1 

.1 U ^ L 

1 l.scc i 

I S'OQ I S oo 


(Oo_ So 


L 500 

l_Soh 
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Lij;i_l_i ll llII! 1 UJ 

R^DUCMilMlv OK rnF‘“~“" 
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SlDf fi^LeVATIOM PL»T (QS£ PP) p^^GE _£_ 

program NAME _Ot5i P,TAfT£R AtP^A 

ROM S 1 math blo ck 2 


EQUIPMENT NEEDED 

IMPRINTER Q MARKED CARD READER Q 
0 plotter □ TYPEWRITER □ 


TOTAL PROGRAM STEPS TOTAL REGISTERS 

□ SOO □lOU 02OJ6 061 011’ 


I V I 
































ORSrrfR Slpf £•LeVA7I0^] plot (OSf PP) _A_ 

POM S 1 f^ATH BL&O C 3 3 PKI MTfg 


EQUIPVFNi NEEDED rC TAl P»OCiRAM .5TEPS TOfA, r^ v. sitHS 

[^PRINTER MARKED CARD READt R Q [J! LU’°’^ 2] 2036 dj ^ ' 'J^J ” ' 

[^PLOTTER Q TYPEWRITER Q] 





























QRsrrfR SXPg gLEVArio/o pg>T PfeO<jgAM (osepp) _Z_OF Ji_ 

ROM s 1 math Bun ot. , 3 a 


EQUIPMENT NEEDED 

0 PRINTER Q] marked CARD READER 
[^BLOTTER []j TYPEWRITER Q] 


rOTAL PROGRAM STTPj 


total PtCISrERS 


□ n 02036 Q^l 0 


1 1 1 



use Fof« 117S C lun 72) (OT) 
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NASA MSC 





































0R5 


PROORAW NAME 

ROM s 1 KATH Blooc. 


SlDf S'LBVfiTlOM PLfi' Pg g gR^M '.OS6 PP^ 


a 


5f 


/? 


3 PRIAITgR Atp^A 


equipment NEEDED 

0 PRINTER MARKED CARD READER 


TOTAL PROtiRAM STEPS TOTAL REGISTERS 

□ '.no QJioti 0ro3G Gst 0n' 

























PROGRAM NAMF ORBITgR SXPg gCEVAriQ/U PLOT (0S6 PP) 

POMS 1 math BLOCIC J ^ PAI AJTgg alpha 


EQUIPMENT NEEDED 

[^PRINTER Q MARKED CARD READER Q 
[✓] PLOTTER (^TYPEWRITER 


total program steps total reg.sters 

[]^ ‘joo Q 1012 (^ rose j^ 5 i 






































































PROGRAM NAME QRBITfR Slve eLBVATtOM PLOT (O S& PP) j _^ 0, 

ROM S 1 math BLCOC. 3 3 


EQUIPMENT NEEDED TOTAL PROGRAM STt ?S TOT AL REGIS T£ MS 

[^PRINTER Q MARKED CARD READER Q CH ^00 [^1012 [^ 2036 Q 0”* 

0 PLOTTER 0 TYPEWRITER 0 
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PROGRAM NAME ORBITfR Slpf £-LEVArIO^) pmJ (QS6 PP> 

ROM s 1 BLOCK , 3 PRIAjrgg ALPHA 


equipment needed 


[^PRINTER Q MARKEOCARD DEADER Q 


0 PLOTTER TYPEWRITER 


□ 


total proopam steps total registers 

0 SOO 01012 02036 051 01'1 




























































program NAMF ORBITfR SlDg gLEVArio^ PCOT (0S6 PP) ,s 

«OM s 1 math BloOc 2 ^ PkIMT£B. alpha 


EQUIPMENT NEEDED 

(^PRINTER Q MARKED CARD READER Qj 
0 PLOTTER [^TYPEWRITER Q) 


rOTt ( PROGRAM STEPS 


TOTAi. REG.SrERS 


[_J "no QJ 1012 0 2036 □ (3 1 1 1 































































PROGRAM NAME QRBITCR. 

ROM s 1 MATH 

EQUIPMENT NEEDEO 
[^PRINTER I I MARKED CARD 

0 PLOTTER □ TYPEWRITER 


S1D£ S'UEVATZOM plot (OSEPP) {3 o!^ Jl.-. 


READER 0 

□ - 


_ 3 PmMT£g Al.pt fii 


total PROGRAM STEPS TOTAL REGISTERS 

0 500 01012 02036 051 01 " 


KEY CODE 









L ^ 



. i 

I 

___ i- 

.1 L 


Dir: 







I L_ - 



.0- , _ 

.. . . - 

“■| 

_ . _ i. — 

I 

- _ - i — 

1 

i,:_r 


cu’xirrLi lQ.i un 


use Fora 1178 (lun 72) (OT) 


PROGflAM NAME QRBrrfg 
ROMS 1 MATH BL6CK. 


sxpf SL^VATlOM PU)T PK^^IZf^KA (OSt PP^ 


PACE /4 

3 PRJAJTgg alpha 


OF 




EQUIPMENT NEEDED 

[^PRINTER Q MARKEDCARD READER Q 
[✓] PLOTTER Q] TYPEWRITER Q] 


total program steps 


total REGIS TERS 


.. □ SnO Q 1012 2)2036 2) 51 0'” 





























PROGRAM NAME 


ROMS 1 ^^ATH BLCCX 


ORStTfR SXPg ^LB'^ATIOM FUi 7 P fegg/?AM (OS6 PP) or 

3 pRIA JT£g alpha 


iS_ 



BSC For« 1178 (lun 72) (OT) p_][, n*5a _ u<-,c 

RE?RODUCron.ITY OF THK 
ORlfTfNAF P\r,E IS PO«>R 

^ 






















ORBITfR SXDf £~t,6VA TlOM PLOT (OS6P Pj 0^ 

_ prtait£e Alpha 

ROMS 1 math Bu>ac J — 3 — 


1 ^ 


PROGRAM NAME 


EQUIPMENT NEEDED 

[^PRINTER Q MARKED CARD HEADER Q 


total program steps total registers 

Q) STO L] 1012 0 2036 Q 61 0’” 










































PROr.RAM NAME 


PAGF 


ROMS 1 


ORBITfR S1D5 fLEVAriO .M PU) T PH.O^(ZAkA (OSe PP) 
MATH BtoCiC , 


PltlATTfR 


/ 7 M( j ^ 

Alpha 


EQUIPMENT NEEDED 

0 PRINTER Q MARKED CARD RE AOER Q 
0 PLOTTER TYPEWRITER QJ 


rOTAl program STEPS 


total REO 3IERS 


□ roc □l 012 0 rojs □- a 


1 1 1 



























program NAME _QRBrrfR sxpf SLEVATIO M puiJ FftOGfZAkA <OS6PP^ a 

ROM s 1 _MBTH Block ~ 

2 3 PRjAJTgg alpha 


equipment needed 

0 pointer Q markedcard reader 0 
0 plotter 0 typewriter 


total PROGRAM STEPS TOTAL REGISTERS 

0 son Q 1012 0 JO 36 051 0111 




II 


nso 


X<-(J 


x<-(; 




6( B 


X-eu 




JFFUf 


K<r() 


JJ 


RFTVKAi 


ENP 


X-»( j 


use For* 1178 (Jun '2) (QT) 


n:iiixEmxQX7jj 
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APPENDIX C: 
PMPP CODE 



PAGE 


PROGRAM NAME PA^LOAD MoTIOM PLOT (PMPP) 

ROM s 1 rlock , 


I 


Of 


21 


3 PUlMTgg alpha 


EQUIPMENT NEEDED TOTAl PROGRAM STEPS TO f AL HE (ilS ft- RS 

PRINTER Q marked CARD READER Q Q SOO Q] 1012 (✓] 203fi Q 51 1^1"’ 

0 PLOTTER □ TYPEWRITER □ 






















































































PROGRAM NAME PA^loAI> Motion! plot (pk^pp) 

ROMS 1 Math rlock _ 


PAGE 


OP _U_ 


3 PMMTgg ALPHA 


EQUIPMENT NEEDED 

0 PRINTER MARKED CARD READER □ 
0 plotter [^typewriter 0 


TOTAL PROGRAM STEPS 


TOTAL REGISTERS 


□ 500 □ 10J2 0 2036 □ ^1 0 


111 

























































































PROGRAM NAME PA^LOAD MOTIOtO PLOT pgOQgMNA (PMPP) page 3 OF Ai 

ROM s 1 math bLOCK 2 3 FRlMTeg ALPHA 


equipment needed total program steps total RE(, is ffrs 

[^PRINTER Q MARKED CARD READER Q Q 500 Q 1012 2035 | | 51 p) m 

0 PLOTTER □ TYPEWRITER □ 



























































































PROGRAM NAME PAVLOAD McTIOM plot pgo(5^A^A (PMf> P) 
ROMS 1 AAATM RLOCK , 


PAGE 


Of 


Zi 


3 Pl^IMTgg ALPMA 


EQUIPMENT NEEDED 

0 printer Q marked CARD READER Q 
0 PLOTTER I I typewriter □ 


totai program steps 

□ ^00 Q] 101? ?03f) 
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51 p] ’ I I 


























































































PROGRAM NAME PA-fLOAD MoTIOM PLOT (PMPP) page 5 _2J_ 

ROM s 1 MftTH RLOCK 2 3 FRiMTeg ALPHA 


EQUIPMENT NEEDED TOTAl PROGRAM STEPS TOT AL RE CjiS TE RS 
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equipment needed 
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rnOGRAM NAME 


PA^LOAD MoTIOM plot pgo6g^^A ( PMPP) 


ROMS 1 ^ATH ^LOCjC — 1 
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MSC Fora U78 (lun 72) (07) 


r_i 


3 
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PRINTER 
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